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P 
The Apollo Satwn Vehicle, AS-2W/IM-l, was launched from Cape 
Kennedy, Florida,at 5:48:08 P.M. EST on January 22, 1968. 
mission of t h i s  f l i g h t  was t o  place the  Lunar Module (ulr-1) i n  an 
e l l i p t i c a l  earth orb i t  (85 by 120 rm) f o r  unmanned tests of the  space- 
craft and subsystems operations. This report presents the AS-204/M-l 




The trajectory is presented i n  the ewth-fixed plumbline, 
space-fixed ephemeris, and geographic coordinate *stems. 
of t ra jectory parameters are given i n  tabular form; a t  1.0 sec intervals 
f r o m  guidance reference release t o  S-IB/S-IVB separation, at  5.0 sec 
Time histor ies  
intervals  from S-IB/S-IVB separation t o  o rb i t a l  insertion, and a t  10.0 
sec intenmls from inser t ion t o  S-IVB/LM-l separation. 
i s  given t o  t h e  o rb i t a l  conditions of f l i gh t  through passivation (in-orbit 
dump of propellants) of the SIVB stage, 
at  10.0 sec intervals of the expended S-IB stage b a l l i s t i c  f ree  f l i gh t  
t ra jectory t o  impact. 
Some discussion 
Also included i s  a tabulation 
The t ra jectory wa8 established from data provided by external 
electmnic tracking systems and telemetered onboard data from t h e  
ST-lurM guidance platform. The postfl ight t ra jectory was very 
Close t o  t h e  predicted nominal, 
the  vehicle had a space-fixed velocity of 
greater than nominal. 
A t  bIVB/IM-l separation (3235.24 sec) 
0.9 m/s (2.9 ft/8) 
"he al t i tude,  a t  this point, was 1.2 km (0.6 w) 
lower than nrm.Fnnl and the  f l i gh t  path angle WBS 0.005 deg less than 
mrplinal. 
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1.0 INTRODUCTION 
The Saturn I B  AS.204/LM-1 vehicle was launched from K S C  at 5:48:08 
P.H. EST on January 22, 1968. 
east of north. 
of 72O east of north. 
The launch azimuth f r o m  Pad 37B was 90" 
After l i f t o f f  the  vehicle was rol led t o  a f l i g h t  azimuth 
The S-IVB stage and spacecraft (Lunar Module) 
were placed in to  an e l l i p t i c a l  ear th  orb i t  f o r  test of the  spacecraft 
subsystems operations. 
was conducted with the S-IVB stage after separation froni the spacecraft. 
Also a passivation experiment (fuel  and LOX dump) 
/ 
This report presents the postfl ight mass-po&nb reference trajectory,  
and associated information, from guidance reference release (-4,956 sec ) 
t o  S-IVB/LM-l separation (3235.242 sec). 
established Range Zero of 5:48:08 P.W. EST, unless otherwise specified. 
ison of this t ra jectory with t h e  nominal is given f o r  some specific para- 
meters as indications of vehicle performance. Reference 1 provides docu- 
AU. times are referenced t o  the 
Compar- 
mentation of the nominal trajectoqr.  I Also presented i n  t h i s  report are 
de ta i l s  of available tracking data, the data u t i l i za t ion ,  an error  analysis, 
the orb i ta l  determination, and the  SIB stage b a l l i s t i c ' f r e e  f l i gh t .  Accom- 
the discussion are figures and tables  of the  t ra jectory data i n  both . ' 
the  metric and i s h  units of measure. 
2.0 c TE LAUNCH S 
The translat ional  motion of the cle'a center of gravity i s  
tabulat three coo : earth-fixed plumbline, space- 
fixed ephemeris, and geographic. These coordinate syst 
the  V m j e c t  Apollo Coo 
Appendix A and graphic ustrated i n  Figure 1. The earth-fixed 
plumbline coordinate system has its origin located at the  launch site 
anisn and are defined in 
I 




on the reference earth model. 
center of g r a d t y  has an 
In  the ea h-fixed system, the vehicle 's  
of 34.5 m (U3.2 f t )  above 
t h e  reference ell ipsoid.  
The representative model f o r  the  earth and i ts  gravitational f i e l d  
i s  the Fischer Ellipsoid of 1960. All l a t i tude  and longitude coordinates 
with respect t o  this ell ipsoid.  
The geographic coordinates and gravity data f o r  launch pad 3?B at 
Cape Kennedy are: 
Geodetic Latitude 28.531856 deg 
bngi tude 80.564953 deg 
Acceleration of 
Gravity 
9.818 m/sec? (32.21 ft/sec2) 
Elevation above the reference ell ipsoid are: . 
Base of Launch Pedestal 
C. G. at F i r s t  Motion 
4.9 m (16.1 f t )  
34.5 m (113.2 f t )  
Azimuth alignments are: 
90" 
t h  
- 3 -  
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3.0 POWEREI) FLIGHT TORY ANALYSIS 
3.1 Data Sources 
Tracking data and telemetered guidance data were available from f i r s t  
otion through inser t ion (S-IVB CO + 10 sec). The coverage of each track- 
ing system is it zed i n  Table I and shown i n  Figure 2. 
t o  the tracking s ta t ions i s  shown i n  Figure 3. 
The vehicle ground 
The antenna 
' 
locations f o r  the various tracking systems and the vehicle 's  center of 
grawity versus time are  shown i n  Figure 4. Comparison of each individual 
t r ac  system w i t h  the reference t ra jectory is  i l l u s t r a t ed  i n  Figures  5 
through 10 and discussed below. The metric comparisons a re  shown i n  Figures 
5 through 7 and the measured parameter comparisons are shown i n  Figures  8 
through 10. 
3.1.1 Opop 
Data from t h e  OWP tracking system were available from first motion t o  
119 sec. 
d i rec t ly  i n  the Final Launch Phase and 
section 3.2 ) . 
ODOP was not used d i rec t ly  i n  the trajectory but was used in- 
CK computer programs (discussed i n  
Significant w e i  influence was given t o  t h e  XE and YE 
nents of the ODOP data i n  the solution. Comparisons 
reveal maximum deviations of l e s s  
, the ZE component 
deviation of 35 m 
GLOTRAC Station I 
covered a time span of 52.3 t o  410,O sec. e G m C  Station I range 
- 4 -  
. 3  
data  were used i n  the  CK solution and deviations of the e f r o m  
the  reference t ra jec tory  are le. The metric data 
i n  es tab l i s  . However, c 
reveal deviation3 from the  reference trajectory of less than 25 m (82 f t ) ,  
65 m (213 f t ) ,  and 15 m (49 f t )  i n  the  XE, YE, and ZE components, respec- 
t ively.  
ced metric CIZoTRAe data were received from 23.0 t o  552.9 sec. 
These data were not incorporated i n  t h e  reference tra3ecto 
of late arr ival .  The position and velocity data were ve 00th and i n  
general the GLOTRAC data appeared t o  be of excellent quality. 
between I;LoTRAC and the  reference t ra jectory reveal 
Comparisons 
eviations of 
35 m (115 f t )  i n  the  XE, 17 m (56 f t )  i n  the  
ZE components. 
and 5 m (16 f t )  i n  the 
3-1.4 Radar 
Patrick (0.18) radar-produced data from 23. 
not a8 high as usually receiv of these data 
range data were extremely 
range and elevation data s 
apparently caused by a awitc beacon t o  sk 
The ta 
f .O t o  534.0 sec. 
the  ~ f e ~ n c e  t ra jectory 
0.03 deg. There 
Program. 
- 5 -  
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The Grand Turk (7;18) radar data w e r e  available from 201.4 t o  
604.0 sec. 
larger  than usual systematic error. t i o n  f r o m  the refer- 
ence t ra jectory w a s  greater than aqy of the other radars, with a maximum 
deviation of approximately 70 m (230 f t )  a t  end of track. 
The measured parameter comparisons give an indication of a 
The range de 
However, the  data 
seem t o  be of good quality. The range data were smoothest of a l l  the radar 
data and the azimuth data revealed deviations of l e s s  than 0.02 deg. 
erritt Island (19.18) radar produced an excellent s e t  of data from 
9.0 t o  380.0 sec. 
0.005 deg at  the beginning of track and decreased a t  a l inear  r a t e  t o  
0,002 deg at  the end of track. 
deviation of about 0.01 deg a f t e r  50 sec of f l i gh t .  
"he maximwIl deviation i n  t h e  azimuth angle data w a s  
The elevation data reveal a maximum 
The range shows a 
deviation of approximately 10 m (33 f t ) .  
There were two independent sets of radar data received from Bermuda; 
one from the PPQ-6 and one from the FPS-16 instruments. Although data 
points were received beginning a t  11.0 sec (see Table I), useable data 
did not begin u n t i l  about 325 sec f o r  the FPQ-6 and about 400 seconds f o r  t h e  
16. Both systems provided useable data thro the remaining powered f l ight .  
t h  systems revealed the same deviation characterist ics,  from the refer- 
trajectory,  as shown i n  The peculiari ty and 
he conclusion that  
asurement deviated 
t o  a -32 m (-105 ft). 
h and elevation. 
+ 55 m (BO f t )  t o  -12 m (-39 f t ) .  
- 6 -  
The azimuth and elevation angle data from the 16 did not a t o  
be as good as obtained fromthe FFQ-6 angles. as 
location e r ror  of O.NlO34 deg longitude was applied as 
the tracking site longitude. 
of the range deviations f o r  both the FPQ-6 and FPS-16 in s t  
follows: 
This resulted in a c o n s ~ ~ e r a b l e  
The FPQ-6 range deviation was reduced t o  a sp  
t )  t o  -16 m (-52 f t ) .  The FPS-16 range deviation 
a spread of +28 m (92 f t )  t o  -5 m 616 f t ) .  
also virtually eliminated the humps i n  the 
greatly reduced the humps i n  t h e  FPS-16 angle deviations. 
C h  
3.2 Trajectory Comwsition (Powered FliRhtl 
Tracking data from C-band radars, covering the major portion of 
red f l igh t ,  were available f o r  establishing t h  
e only data received from high precision t racki  
u t i l i w t i o n )  were ODOP and GLOTRAC Station I. Te 
mation and measured meteorological data were a lso  
i n  t h e  postfl ight trajectory determination. 
The ini t ia l  launch phase (from f i r s t  motio 
st squares curve f i t  t o  the  ODOP dat  
(see Reference 2 f o r  discussion of t 
sertion (603.34 sec), the  t ra jec to  
f i t  of t h e  available tracking data. 
t o  as the best estimate t ra jec to  
t ~ ~ ~ t o r y ,  o r  the reconstructed trajectory.  
1 
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The composite f i t  o r  best estimate traj  is established through 
the  u t iUzat ion  of a computer pro C a l l e d  CK. This program uses 
t e l a e t e r e d  guidance velocity data as the  generating parameter t o  compute 
a t ra jectory which will best f i t  the  tracking data, yet re ta in  the smooth- 
ss of the  guidance data. The guidance data can vary only i n  accordance 
term error  model and the variances assigned t o  each 
ic ient .  The e r ror  coefficients are determined using the 
l inear  f i l t e r i n g  technique and applied t o  the telemetered guidance 
a t o  produce the f i n a l  smooth and continuous trajectory.  Reference 3 
theoret ical  discussion of the  CK program. 
3.3 Powered 
A comparison of actual  and nominal times at some significant f l i g h t  
Altitude and surface range a re  graphi- events i s  presented i n  Table 11. 
cal ly  i l l u s t r a t ed  i n  Figures 11 and 12, respectively, f o r  the en t i re  
red flight. Figure l.3 i s  an i l l u s t r a t ion  of the t o t a l  i n e r t i a l  accel- 
erat ion profiles f o r  the S-IB and S-IVB stages. The magnitude of the t o t a l  
ve the loca l  h o ~ z o ~ t ~ ,  
ere calculated 
- 8 -  
meters, for the pu 
Lo nominal in Table V for the S-IB/S-TVB sep t and 
t i o n  events, The 
both metric 
3.4 Error Analyses 
Duringthe major portion of fbs t  st e powered f l igh t ,  good coverage 
was provided by ODOP, GLOTRAC Station I, and Herritt Island radar. 
three sets of data were the main data used i n  the  
These 
CK program during 
this portion of the f l i gh t .  The remai powered f l i g h t  t ra jectory was 
reconstructed as a composite f i t  of all available tracking data, consisting 
inly of data. 
The metric data from the ODOP, C Station I systems reveal good 
agreement with the reference trajectory.  
appears t o  be of excellent quality. 
GLOTRAC and the  reference t ra jectory was only 35 m (115 f t )  i n  any component. 
The GLO-C data f o r  t h i s  f l i g h t  
The maximLrm deviation between the 
All metric data were smoothed, differentiated and transformed from the  point 
of track (antenna locations) t o  a common point, the  vehicle 's  center of 
gravity. 
The measured parameter comparisons reveal the  maximum range deviation t o  
exist in the  Grand Turk (7.18) system,, which appears t o  be the  resul t  of a 
large systematic error. With the exception of Grand Turk the  largest  range 
However, compar- 
sly discussed, 
s i n  the Patrick 
radars appear 
be r e p r ~ s ~ n ~ d  by a 
r e a l i s t i c  e r ror  model. The c the  trend of the 
i 
sion of these data 
of the  reference 
tra3ectoxy. 
- 10 - 
An estimate of t h e  t o t a l  u n c e r t a i n t y  of t h e  powered f l i g h t  t r a j e c t o r y  
i s  presented i n  Figure 17. A t  S I B  outboard erg ne cu to f f  t h e  p o s i t i o n  
unce r t a in ty  i s  about 30 rn (98 f t )  and t h e  v e l o c i t y  u n c e r t a i n t y  i s  about 
0.3 m/s  (1.0 ft/s) .  
about 200 m (656 f t )  ir. t h e  XE and ZE components and 250 m (820 f t )  i n  
t h e  YE component. 
t o  0.5 m / s  (1.6 f t / s )  i n  t h e  DXE and DZi3 components and 1.5 m/s (4.9 ft /s)  
A t  S-IVEI CO t h e  u n c e r t a i n t i e s  have increased  t o  
The v e l o c i t y  u n c e r t a i n t i e s  a t  S-IW CO have increased  
I n  t h e  DYE component. 
L. G ORBITAL TRAJECTORY ANALY SI S 
4.1 O r b i t d  Tra j ec to ry  
The AS-204 S-IVB/Ul-l veh ic l e  was i n s e r t e d  i n t o  o rb  t a t  22 h r s  58 
min 11.34 sec U.T. (603.34 sec  Range Time). 
t i o n  p l o t  showing t h e  first two o r b i t a l  revolu t ions .  The o r b i t a l  i n s e r t i o n  
Figure 18 i s  a ground projec- 
parameters f o r  AS-204 were determined by a least squares d i f f e r e n t i a l  correc- 
t i o n  procedure us ing  C-Band r ada r  o r S i t a l  t r ack ing  d a t a  over  t h e  f i r s t  two 
r e v o l u t i m s  and by the i n s e r t i o n  point  e s t ab l i shed  by t h e  bes t  estimate 
powered f l i g h t  t r a j e c t o r y .  
The primary ob jec t ive  of t h e  AS-204 f l i g h t  was t o  provide tests of 
Also, a f u e l  and LOX dump experiment t h e  Lunar Rodule (M) subsystems. 
with t h e  S-IVB stage was planned fol lowing S-IVB/UI-l separa t ion .  The 
S-IVB/U&-l separa t ion  occurred over  Carnarvon a t  3235.242 sec  with t h e  
S-IVB pass iva t ion  per iod ( f u e l  and LOX dump) beginning a t  8774.31 sec  and 
ending a t  9084.51 sec. 
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4.2 Orbital  Data Sources 
Orbital tracking of the AS204 hic le  was  conducted by the N 
Space Tracking and Data Acquisition Network ( ). This network 
ded the C-Band radar data used i n  determination of the AS-204 
orb i t a l  trajectory. A sumnary of the s ta t ions furnishing data f o r  use 
the S-IVB o rb i t a l  t ra jectory is  presented i n  Table V I I .  
r portions of the f i r s t  four revolutions of f l igh t ,  
Bermuda (FPS-16), Tananarive and Canary Island furnished tracking 
data i n  the first revolution pr ior  t o  S-IW'B 
was the only tracking s i t e  which furnished data during the first revolution 
following S-IVB/LM-l separation. Data f o r  the second revolution was furni- 
shed by Bermuda (FPS-16), Tananarive, California, Grand Bahama and Hawaii. 
1 separation. California 
Tananarive and Ascension tracked the S-IVB vehicle during t h e  th i rd  and 
fourth revolutions and California furnished some data i n  the third revolution. 
4.3 
The Orbital Correction Program (OC ) was used t o  p eolutions f o r  
the insertion conditions and orb i ta l  t orb i ta l  track 
presentative orb i ta l  accsleratio lut ions were made 
various combinations of ;  r ive 
data i n  the early 
solutions. From t h e  m e t  reasonabl 111 p ~ ~ d o s  a t a ~ a t i o n  
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Telemetered guidance accelerometer data were furnished to represent 
the actual orbiting vehicle acceleration. These data were utilized in 
orbital solutions even though there was a gap in the telemetered accelera- 
tions from I400 to 2600 sec, Range Time. 
adjusting the predicted orbital accelerations through pertubations of the 
drag coefficient to compensate for deviations between the actual and pre- 
dicted data. The two methods resulted in compatible fits to the tracking 
Solutions were also made by 
data. 
Considering the reasonable OCP solutions and the agreement between 
the orbital and powered flight solutions, the estimated uncertainty of 
the insertion position and velocity components is no greater than quoted 
at S-IVB CO in section 3.4, above. 
The orbital trajectory from insertion to S-IvB/IM-l separation was 
obtained by initializing with the insertion conditions established by the 
best estimate powered flight trajectory and integrating the equations of 
motion. 
gap in the telemetered accelerations in this area of flight. 
grated trajectory defined the orbital parameters at insertion and separation. 
The orbital parameters of the S-IVB stage, subsequent to separation, were 
computed by initializing at S-IVB/I&-l separation and integrating the 
equations of motion using the telermetered guidance accelerations. 
orbital parameters at insertion, S-IvB/IM-l separation, and at the beginning 
of Rev 2 are presented in Table u[. 
The adjusted acceleration data were used due to the large data 
This inte- 
The 
4.4 S-IVB Passivation Bum riment 
The scheduled S-IVB fuel and LOX dump was initiated at 8774.31 sec and 
terminated at W%.Sl sec. Radar tracking data were not arailable in the 
area of t h  dump period. Therefore, t h  o rb i t  1 parameters at  the beginning 
ion were calculated f r o  integrated S-Tw orb i t a l  
t ra jectory using the telemetered acceleration data. . The telemetered accel- 
eration magnitude profile,  during the passivation period, is shown i n  
Figure 19. 
In 'addition t o  the actual S-IVB orb i t a l  trajectory,  a theoret ical  
was in i t i a t ed  a t  the begi ng of passivation and integrated 
rough the dump period assuming nominal drag forces and no dump forces. 
The o rb i t a l  parameters at the end of passivation from ' t h i s  theoret ical  
t ra jectory a re  compared to  the parameters computed from t h e  actual S-IVB 
orb i t a l  trajectory. 
fue l  and LOX dump on the S-IVB orbi t ,  i s  presented i n  Table X. 
5 of t h e  fue l  and LOX dump on the S-IVB a l t i tude  and space-fixed velocity 
This comparison, which reveals the effect  of the 
The effects  
orbit ing profiles a re  shown i n  Figures 20 and 21, respectively. 
l i ne  i n  these figures represent the actual S-IVB orbi ta l  trajectory.  
dashed l i ne  represents the theoretical  {no dump) trajectory.  
The solid 
The 
5.0 S I B  AND S-IVB STA F L I W  ECTORIES 
Three theoretical  f ree  f l i gh t  t ra jec tor ies  were computed f o r  t h e  dis- 
* 
carded S I B  stage' using i n i t i a l  conditions at  S-IB/S.IVB separation. 
t ra jec tor ies  w e r e  i n t e  actual retro- 
The 
ce and actual outboa ine decay data. The three t ra -  
drag coefficients f o r  three were calculat 
. the e t l e  of attack, 
6 of attack. This 
provides the f o U  
I 
B 
D r a K  Condition Impact Time 
0 deg Angle of 501.6 sec 
ntmbling Body 562.7 sec 
90 deg Angle of- Attack 517.81 km (279.60 nm) 604.5 sec 
data were not available t o  confirm the resu l t s  obt 
However, on previous f l i g h t s  the tumbling drag case was proven t o  be close 
' t o  the actual  tracking data. For t s reason, t he  theoret ical  free-fl ight 
t ra jectory u t i l i z ing  the tumbl drag coefficient data i s  considered the 
actual t ra jectory of the expended 
t ra jectory i s  presented i n  tabular form in Table XVII (metric un i t s )  and 
Table XVIII (English units) .  The ground track and impact are also shown 
i n  Figure 3. 
I B  stage. This b a l l i s t i c  f ree  f l i g h t  
The S-IVB expended stage d i n  ear th  orbi t ,  following S-IVB/LM-l 
separation, f o r  approximat l y  10 revolutions. Due t o  the lack of tracking 
data during the f inal  revolutions, 
was not computed. However, f ree  f l i g h t  will be 
e f l i g h t  re-entry trajectory 
documented under a se sha l l  Space Flight 
Center. 
6.0 TA 
to establish the pos t f l i  
t ra jectory of the Table XIX. 
I 
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Figure  13. Tota l  Iner t ia l  Accelerat ion 
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Figure  14. Ear th-F ixed Velocity and  Elevat ion Above L o c a l  Horizonta l  
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- 36 - 
TRACKING DATA SOUR D 
COOP 
C Station I ( 
Patrick (0.18) Radar (FFQ-6) 
M e r r i t t  Island (19.18) Radar (TPe18) 
Grand Bahaara (3.18) Radar (TFQ-18) 
Grad Turk (7.18) Radar (TPQ-18) 
B Radar (ppq-6) 
Bennuda Radar (F'PS-16) 
0.0 - 119.0 
52.3 - 410.0 
23.0 - 5 0 . 0  
9.0 - 380.0 
11.0 - 278.0 
287.0 - 583.0 
592.0 - 650.0 
11.0 - 278.0 
28'7.0 - 583.0 
592.0 - 650.0 
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k t  





S-IB/S-IvB Separation (Signal) 
S-IB/S-IVB Separation (Physical) 










W . 2 5  
3-43 e 50 
143 . 57 
159.47 
393 e 3 4  
603 e34 
3235.24 




























e: A c t a o l  tirp.8 are referarced to . BST). N o m i n a l  
are obtained ihr Reforarce 1 o tho actual 
Oe2 see f i ra t  motion time, 
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TABLE VI1 
AVAILABLE ORBITAL TRACKING DATA 
Stations Rackiaa Received 
Rev 1 Rev 2 Rev 3 R e v  4 
B -16) X X 
ve (Fps-16) X X X x 
lifonnia (FPS-16) X X X 
~9 Island (MPS-26) X 
&and B a h m  (TPQ-18) X 
Hawaii (PPS-16) X 
AIcension ( FPS-16) X X 
olution 1 began at 603.34 m c  Range Time 
evolution 2 began at 5901 80c Range Time 
Revolution 3 began at U 9 8  sec Range T i m  
R e ~ l u ~ i o n  4 began at 16487 see Range Tima 
- 4 4 -  
TABLE VI11 
ORBITAL TRACKIHG UTILEATION SUMMARY 
Tine of h g c k  Data Valid 
station - (RangeTimeinsec) me Obsenations of Residuals 
Bermda (Fps-16) B e g i n  604 AZ 25 
(Rev 1) 
7443 EL 25 O.Ol4 dog 
RA 25 3.J. (36 n) 
TananarivS B e g i n  2332 Az 22 0,011 dog 
mi ut66 EL 21 0.009 dog 
(Rev 1) 
RA 22 5 m (16 f t )  
RA 47 6 m (20 it) 
Bermrda (FPS-16) B e g i n  6016 Az 39 
(R- 2) 
Ehd 6274 EL 41 
RA 44 
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